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(54) ELECTRIC POWER STEERING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electric power steering 
device in which adequate preload can be applied to bearings even when 
a worm and a worm shaft are supported elastically by the bearings. 
SOLUTION: The worm shaft 55 comprises a first shaft 61 that is 
relatively long and supported by a first bearing 59 on the base end side 
and a second shaft 65 that is relatively short and supported by a second 
bearing 63 on the tip end side. A tip end of the first shaft 61 slidably fits 
into a bottomed hole 67 drilled at a shaft center of the second shaft 65. 
Furthermore, as for the first shaft 61, a spring holding hole 69 is drilled 
at the tip end thereof. A compression coil spring 71 is contained in the 
spring holding hole 69 under compression of a predetermined volume. 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is electric power-steering equipment to which transmit the driving force of an electric motor to a 
steering shaft through a warm moderation device, and steering assistance is made to perform. An electric motor, 
The warm shaft which was connected with the shaft of this electric motor possible [ ****** ] only for shaft 
orientations, and was supported by the 1st and 2nd bearing free [ rotation ], While gearing with the worm formed 
in the periphery of this warm shaft to this worm It has the worm gear connected with the steering shaft. Said 
worm shaft as a component Electric power-steering equipment characterized by having an energization means 
to generate the energization force of making shaft orientations estranging the 1st shaft supported by said 1st 
bearing, the 2nd shaft supported by said 2nd bearing, and the 1st shaft and the 2nd shaft concerned concerned. 
[Claim 2] Electric power-steering equipment according to claim 1 characterized by said energization means 
being the compression coil spring infixed between said 1st shaft and said 2nd shaft. 

[Claim 3] Electric power-steering equipment according to claim 1 characterized by said energization means 
being the disk spring infixed between said 1st shaft and said 2nd shaft. 

[Claim 4] Electric power-steering equipment given in any 1 term of claims 1-3 characterized by having a buffer 
means to perform the buffer at the time of the reversal of the migration direction to the warm shaft concerned 
of the worm concerned while said worm was attached outside said worm shaft possible [ ****** ] in the 
predetermined successive range at shaft orientations. 

[Claim 5] Electric power-steering equipment according to claim 4 characterized by said buffer means being the 
elastic body infixed between said worms and said worm shafts. 

[Claim 6] Electric power-steering equipment according to claim 4 characterized by being the magnetic repulsion 
device in which said buffer means was infixed between said worms and said worm shafts. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric power-steering equipment which has a warm 
moderation device, and relates to the technique of giving proper precompression especially to the bearing for 
warm shaft support. 
[0002] 

[Description of the Prior Art] By the steering system of an automobile, the so-called power-steering equipment 
to which steering assistance is made to perform using the source of external power is adopted widely. 
Conventionally, as a source of power for power-steering equipments, the hydraulic pump of a vane method was 
used and there was much what drives this hydraulic pump with an engine. However, since this kind of power- 
steering equipment had large drive loss of the engine by always driving a hydraulic pump (it sets at the time of 
the maximum load, and is several horsepower - about 10 horsepower), the adoption to the light car of small 
displacement etc. was difficult, and falling, so that transit fuel consumption cannot be comparatively disregarded 
by automobile of large displacement, either was not avoided. 

[0003] Then, the electric power-steering equipment (it is described as Electric Power Steering and Following 
EPS) which makes an electric motor the source of power attracts attention in recent years as what solves these 
problems. In order to use a mounted dc-battery for the power source of an electric motor, there is no drive loss 
of a direct engine, and since an electric motor is started by EPS only at the time of steering assistance, the fall 
of transit fuel consumption is also suppressed by it, and also there are the features, like electronics control can 
carry out very easily in it. 

[0004] EPS is classified into a column assistant mold, a pinion assistant mold, etc. according to the wearing part 
of an electric motor, and assistance is performed to a steering shaft, steering gear pinion, etc. according to the 
form. In EPS of a column assistant mold, a part of steering column is formed of a reduction gearbox, and the 
electric motor is attached in this reduction gearbox. After rotation of an electric motor is slowed down according 
to the power means-of-communication slack worm moderation device contained by the reduction gearbox, it is 
transmitted to the main shaft which forms a part of steering shaft. 
[0005] 

[Probjem(s) to be Solved by the Invention] When a warm moderation device is adopted as a power means of 
communication, it is necessary to set up moderate backlash between the tooth flanks of a worm and a worm 
gear. For example, if backlash is too small, in the gearing gear teeth, the return of a handle will worsen 
competition according to increase of a lifting and friction torque, on the other hand, the tooth flank of a worm 
and the tooth flank of a worm gear collide at the time of steering reversal and bad road transit, and 
comparatively big, although competition of gear teeth etc. will not be produced if backlash is large beyond the 
need — it strikes and a sound arises. Tone quality changes also with the quality of the material of the gear with 
which a sound gears, or rigidity by striking, and it is in the inclination which becomes so large that backlash is 
large. When especially both worms and worm gears are made from steel, it strikes, and a sound turns into a 
jarring impulsive sound and gives an operator displeasure. 

[0006] So, while making a worm hold movable in the direction of an axial right angle in housing, a worm is forced 
on a wheel by the elastic member, and, thereby, what loses the backlash leading to a blow sound itself is 
proposed by JP.1 0-281 235.A. However, in EPS, steering is a slight amount, and power assistance is not 
performed so that reversal may wind and it may prevent control hunting etc. at the time of ********** 
rectilinear-propagation transit, but only the control force from a steering wheel is transmitted to an output shaft, 
in this case, the above — when the configuration which forces the tooth flank of a worm on the tooth flank of a 
worm gear is taken like equipment before, competition will take place between the gearing tooth flanks, and the 
problem to which actuation torque becomes very large and the operability and return nature (return) of a 
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steering wheel worsen arises. 

[0007] Then, in JP.1 1-43062A JP.1 1-171027.A, etc., while this invention person etc. made the worm hold 
movable to shaft orientations to housing, he made the elastic body infix between the warm shafts and bearing 
which were united with the worm, he buffered, moving a worm to shaft orientations by this, when the tooth flank 
of a worm and the tooth flank of a worm gear collide, and proposed what reduces impulsive sound. Furthermore, 
this invention person etc. made the elastic body infix between a worm and bearing, he buffered, moving a worm 
to shaft orientations by this, when the tooth flank of a worm and the tooth flank of a worm gear collide, and 
developed what reduces impulsive sound more by lightweight-ization of a worm while only shaft orientations 
carried out outer fitting of the worm of a low quality amount to the warm shaft movable. 

[0008] However, proper precompression was not able to be given to bearing when the configuration in which an 
elastic body is made to infix between a warm shaft (or worm) and bearing in this way was taken. Usually, 
although it is necessary to give the precompression of the specified quantity to bearing and to carry out the 
pressure welding of an inside-and-outside ring and the rolling element in order to aim at allophone prevention 
from bearing, and improvement in a bearing life when using a deep groove ball bearing etc. for support of a warm 
shaft, the value of precompression is determined by the rigidity (spring constant) of an elastic body with this 
configuration. Therefore, in order to give proper precompression, it will be desirable to use the elastic body of 
comparatively high rigidity, but when the buffer engine performance at the time of the collision with a worm and 
a worm gear was taken into consideration, rigidity of an elastic body was not able to be recklessly made high. 
That is, when sufficient control of the collision sound of the tooth flank of a worm and the tooth flank of a worm 
gear is realized, the rigidity of an elastic body cannot be set as the value to which proper precompression is 
given by bearing, but it is obliged to the fall of the allophone from bearing, or a bearing life. 

[0009] This invention carries out the purpose of offering the electric power-steering equipment which enabled it 
to give proper precompression to bearing, when it is made in view of the above-mentioned situation and elastic 
support of a worm or the warm shaft is carried out to bearing. 
[0010] 

[Means for Solving the Problem] It is electric power-steering equipment to which transmit the driving force of an 
electric motor to a steering shaft through a warm moderation device, and steering assistance is made to perform 
in order to solve the above-mentioned technical problem in invention of claim 1 . An electric motor, The warm 
shaft which was connected with the shaft of this electric motor possible [ ****** ] on | y f or shaft orientations, 
and was supported by the 1st and 2nd bearing free [ rotation ], While gearing with the worm formed in the 
periphery of this warm shaft to this worm It has the worm gear connected with the steering shaft. Said worm 
shaft as a component What has an energization means to generate the energization force of making shaft 
orientations estranging the 1st shaft supported by said 1st bearing, the 2nd shaft supported by said 2nd bearing, 
and the 1st shaft and the 2nd shaft concerned concerned is proposed. 

[001 1] Moreover, in invention of claim 2, what is the compression coil spring with which said energization means 
was infixed between said 1st shaft and said 2nd shaft is proposed in the electric power-steering equipment of 
claim 1. 

[0012] Moreover, in invention of claim 3, what is the disk spring by which said energization means was infixed 
between said 1st shaft and said 2nd shaft is proposed in the electric power-steering equipment of claim 1. 
[0013] Moreover, in invention of claim 4, in the electric power-steering equipment of claims 1-3, while said worm 
is attached outside said worm shaft possible [ ****** ] in a predetermined successive range at shaft 
orientations, the thing equipped with a buffer means to perform the buffer at the time of the reversal of the 
migration direction to the warm shaft concerned of the worm concerned is proposed. 

[0014] Moreover, in invention of claim 5, what is the elastic body with which said buffer means was infixed 
between said worms and said worm shafts is proposed in the electric power-steering equipment of claim 4. 
[0015] Moreover, in invention of claim 6, what is the magnetic repulsion device in which said buffer means was 
infixed between said worms and said worm shafts is proposed in the electric power-steering equipment of claim 
4. 

[0016] 

[Embodiment of the Invention] Hereafter, some operation gestalten of this invention are explained with reference 
to a drawing. Drawing 1 is the side elevation showing a part for the vehicle room flank of the steering system 
concerning the 1st operation gestalt, and the sign 1 in this drawing shows the steering column by which 
inclination arrangement was carried out. The steering column 1 consists of an upper steering column 7 made 
from a steel pipe (it is hereafter called an upper column for short) fixed to the car-body side member 5 through 
the upper bracket 3 made from a steel plate, and a reduction gearbox 1 1 of the aluminum containing alloy cast 
fixed to the car-body side member 5 through the lower bracket 9 made from a steel plate. 
[0017] Although the impact absorber style (colla tempestade PUSHIBURU device) is included in the steering 
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system of this operation gestalt, the resin pin which is not illustrated at the time of a secondary collision etc. 
fractures and the upper column 7 falls out, since it becomes complicated, the detail is omitted. The member 
shown with the sign 1 3 is the bellows made from a steel plate for striking-energy absorption infixed between the 
upper column 7 and the reduction gearbox 1 1 among drawing. 

[0018] The upper steering shaft 15 is supported free [ rotation ], and the main shaft 17 is supported by the 
upper column 7 free [ rotation ] at the reduction gearbox 11. Moreover, while the back end of the upper steering 
shaft 15 is equipped with a steering wheel 19, the lower steering shaft 23 is connected with the front end of a 
main shaft 17 through the universal joint 21. 

[0019] The reduction gearbox 11 consists of a gearbox body 31 which the bellows 13 made from a steel plate 
fixed to upper limit, and gearbox covering 33 by which bolting was carried out to a lower bracket 9 and ** at the 
gearbox body 31. An electric motor 35 is attached in the side face, and also the warm moderation device and 
torque sensor (not shown) which consist of a worm 37 or worm-gear 39 grade are built in the gearbox body 31. 
Moreover, the bearings 41 and 43 of an order pair are held in order to support a main shaft 17 to the gearbox 
covering 33, enabling free rotation. 

[0020] Drawing 2 is drawing of longitudinal section of a reduction gearbox. As shown in this drawing, the female 
serration 53 is drilled and the shaft 51 of an electric motor 35 has fitted in free [ sliding of the male serration 57 
formed in that axis at the edge of the warm shaft 55 at this female serration 53 ]. In addition, in the expedient 
top of explanation, and drawing 2 , right-hand side is made into a end face side, and left-hand side is made into a 
tip side. 

[0021] The warm shaft 55 consists of the 1st long shaft 61 and the 2nd shaft 65 of comparatively short length 
supported by the 2nd bearing 63 by the side of a tip (deep groove ball bearing) supported by the 1st bearing 59 
(deep groove ball bearing) by the side of a end face (electric motor 35 side) comparatively, and the tip of the 1 st 
shaft 61 is inserting it in ****** 67 drilled in the axis of the 2nd shaft 65 free [ sliding ]. Moreover, the spring 
maintenance hole 69 is drilled at that tip by the 1st shaft 61, and it is contained by this spring maintenance hole 
69 where specified quantity compression of the energization means slack compression coil spring 71 of this 
operation gestalt is carried out. 

[0022] The sign 73 in drawing 2 shows the flange formed in the part of the end face approach of the 1 st shaft 
61, and this flange 73 is in contact with the inner ring of spiral wound gasket of the 1st bearing 59. Moreover, the 
sign 75 shows the flange formed in the 2nd shaft 65, and this flange 75 is in contact with the inner ring of spiral 
wound gasket of the 2nd bearing 63. Among drawing, the member shown with the sign 77 is the snap ring which 
stops the outer ring of spiral wound gasket of the 1st bearing 59, and is inserted in the circular sulcus 79 formed 
in the gearbox body 31. 

[0023] While the worm 37 in the air is attached outside free [ shaft-orientations sliding ], the female serration 83 
which the male serration 81 was formed near the flange 73, and was formed in the edge of a worm 37 at this 
male serration 81 has fitted into the 1st shaft 61. 

[0024] The 1 st flange 85 is formed in warm 37 at that end face side, and the buffer means slack rubber damper 
89 of this operation gestalt is infixed between this 1st flange 85 and the flange 73 of the 1st shaft 61. The 
rubber dampers 89 are the both ends of the body 91 of a damper made from synthetic rubber, and the body of a 
damper from the washers 93 and 95 made from a steel plate by which vulcanization adhesion was carried out. 
Moreover, the 2nd flange 97 is formed in the worm 37 at that tip side, and the rubber damper 89 is infixed also 
between this 2nd flange 97 and the flange 75 of the 2nd shaft 65. 

[0025] Hereafter, an operation of the 1st operation gestalt is described. If an operator rotates a steering wheel 
19, it will be transmitted to the steering gear which the turning effort does not illustrate through the upper 
steering shaft 15 and a main shaft 17, and a lower steering shaft 23. In steering gear, the rack-and-pinion device 
in which a rotation input is changed into rectilinear motion etc. is built in, the rudder angle of a wheel is changed 
through a tie rod, and steering is performed. Under the present circumstances, based on a detecting signal, the 
vehicle speed, etc. of a torque sensor which are not illustrated, an electric motor 35 rotates with predetermined 
running torque towards one of right reverse, that rotation is transmitted to a main shaft 1 7 through a reduction 
gear device, and, thereby, steering assistance is performed. 

[0026] Now, when an operator reverses the steering direction during transit of an automobile or the vibration 
from a road surface inputs, a worm gear 39 is reversed, and the tooth flank of a worm gear 39 collides with the 
tooth flank of a worm 37, after only the part of backlash moves idly, however — this operation gestalt — warm 
one — since the rubber damper 89 of a pair is infixed between 37 and the warm shaft 55 (the 1st shaft 61 and 
the 2nd shaft 65) — warm one — the moment the tooth flank of 37 collided with the tooth flank of a worm gear 
39 — warm one — while 37 carries out elastic deformation of the body 91 of a damper, it moves to specified 
quantity shaft orientations, and thereby, the noise (tap tone) is controlled sharply. In addition, a worm 37 moves 
until it contacts the flange 73 of the 1st shaft 61, or the end face side of the 2nd shaft 65. 
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[0027] On the other hand, with this operation gestalt, the 1st shaft 61 of the warm shaft 55 and the 2nd shaft 65 
are energized in the direction which carries out phase estrangement according to the spring force of the 
compression coil spring 71 contained by the spring maintenance hole 69. Therefore, while the 1st shaft 61 
energizes the inner ring of spiral wound gasket of the 1st bearing 59 to a end face side by predetermined thrust 
through a flange 73, the 2nd shaft 65 is also energizing the inner ring of spiral wound gasket of the 2nd bearing 
63 to the tip side by predetermined thrust through a flange 75. Thereby, predetermined precompression is given 
to the 1st bearing 59 and the 2nd bearing 63, and generating of an allophone and the fall of a bearing life are 
prevented. In addition, in this operation gestalt, it is possible to acquire a desired precompression value with a 
spring constant, preparative pressure contraction amount, etc. of a compression coil spring 71. 
[0028] Drawing 3 is drawing of longitudinal section of the reduction gearbox concerning the 2nd operation 
gestalt. Although this whole operation gestalt configuration is the same as that of the 1 st operation gestalt 
mentioned above and abbreviation as shown in this drawing, the locations of the energization means slack 
compression coil spring 71 etc. differ. For example, in the 2nd operation gestalt, while the 1st shaft 61 is 
comparatively formed in short length, the 2nd shaft 65 is comparatively formed in a long picture, and the end 
face of the 2nd shaft 65 is inserting in ****** 101 drilled in the axis of the 1st shaft 61. And the compression 
coil spring 71 is contained by the spring maintenance hole 103 drilled in the end face section of the 2nd shaft 65. 
Moreover, the male serration 107 which the female serration 105 was formed in the tip side of the 1st shaft 61, 
and was formed in this female serration 105 at the end face of a worm 37 has fitted in. Although the 2nd 
operation gestalt has some difference in a configuration in this way, the operation is completely the same as that 
of the 1 st operation gestalt mentioned above. 

[0029] Drawing 4 is drawing of longitudinal section of the reduction gearbox concerning the 3rd operation gestalt, 
and drawing 5 is drawing of longitudinal section of the reduction gearbox concerning the 4th operation gestalt. 
Although 3 and the whole 4th operation gestalt configuration are the same as that of the 1 st and 2nd operation 
gestalt mentioned above and abbreviation as shown in these drawings, as a buffer means, it replaces with the 
rubber damper of the 1st and 2nd operation gestalt, and the magnetic repulsion device 115 which consists of a 
permanent magnet 1 1 1,1 13 of a pair is adopted. That is, in the edge of a worm 37, outer fitting and fixing of a 
permanent magnet 1 1 1 were done in the form which contacts the 1st and 2nd flange 85 and 97, and the 
permanent magnet 113 has fixed to the flange 73 of the 1st shaft 61, and the flange 75 of the 2nd shaft 65. 
[0030] Although it is the same article which has a polarity in shaft orientations, both the permanent magnets 
1 1 1,1 13 are assembled so that the same pole (the south pole or N pole) may confront each other. Thereby, 
magnetic repulsive force occurs among both the permanent magnets 1 1 1,1 13, and a worm 37 is held between 
the 1st shaft 61 and the 2nd shaft 65. In this operation gestalt, if a worm gear 39 and a worm 37 collide at the 
time of steering reversal etc. and a worm 37 moves to shaft orientations, both permanent magnet 1 1 1 ,1 1 3 of one 
magnetic repulsion device 115 will approach or contact. If the value of the magnetism of a permanent magnet 
1 1 1,1 13 is suitably set up in that case, the collision of both permanent magnet 1 1 1,1 13 can be avoided or 
mitigated, fully stopping the tap tone of a worm 37 and a worm gear 39. With this operation gestalt, since the 
elastic body is not used as a buffer means, even if operation over a long period of time is performed, there are 
the features that buffer performance degradation cannot happen easily. 

[0031] Drawing 6 is the important section enlarged vertical longitudinal sectional view of the reduction gearbox 
concerning the 5th operation gestalt. Although the configuration of this operation gestalt is the same as that of 
the 2nd operation gestalt mentioned above, as an energization means, it replaces with a compression coil spring 
and the disk spring 121,123 of a pair is adopted. A disk spring 121,123 arranges the same elegance back to back, 
and even if it lessens thickness of shaft orientations, it can acquire the comparatively big spring force (namely, 
the amount of precompression). Moreover, since there is also no need of processing a spring maintenance hole 
into the 1st shaft 61 or the 2nd shaft 65, a manufacturing cost can also be reduced. 

[0032] Although explanation of a concrete operation gestalt is finished above, the mode of this invention is not 
restricted to the above-mentioned operation gestalt. For example, as an energization means, the disk spring of 
the 5th operation gestalt may be adopted as the 1 st or 3rd, and 4th operation gestalt, and things other than a 
compression coil spring or a disk spring may be used. Moreover, as a buffer means, it may replace with an elastic 
body or a magnetic repulsion device, and a compression coil spring, compressible fluid, etc. may be used. 
Moreover, although serration was used for connection at a shaft and a warm shaft, or connection at the 1 st 
shaft and the 2nd shaft and the deep groove ball bearing was used as bearing with each above-mentioned 
operation gestalt, a spline etc. may be used for connection and an angular contact ball bearing, tapered-roller 
bearing, etc. may be used as bearing. Furthermore, also about the concrete configuration and worm of a 
reduction gearbox, or the concrete configuration of a warm shaft, if it is the range which does not deviate from 
the main point of this invention, it can change suitably. 
[0033] 
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[Effect of the Invention] As stated above, according to the electric power-steering equipment concerning this 
invention It is electric power-steering equipment to which transmit the driving force of an electric motor to a 
steering shaft through a warm moderation device, and steering assistance is made to perform. An electric motor, 
The warm shaft which was connected with the shaft of this electric motor possible [ ****** ] only for shaft 
orientations, and was supported by the 1st and 2nd bearing free [ rotation ], While gearing with the worm formed 
in the periphery of this warm shaft to this worm It has the worm gear connected with the steering shaft. Said 
worm shaft as a component It writes as what has an energization means to generate the energization force of 
making shaft orientations estranging the 1 st shaft supported by said 1 st bearing, the 2nd shaft supported by said 
2nd bearing, and the 1st shaft and the 2nd shaft concerned concerned. It becomes possible to give proper 
precompression to the 1st bearing and the 2nd bearing with the warm shaft itself, and generating of an allophone 
and the fall of a bearing life are prevented. Moreover, while said worm is attached outside said worm shaft 
possible [ ****** ] in a predetermined successive range at shaft orientations, in the thing equipped with a buffer 
means to perform the buffer at the time of the reversal of the migration direction to the warm shaft concerned 
of the worm concerned, the noise by the collision with a worm and a warm shaft is controlled sharply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the side elevation showing a part for the vehicle room flank of the steering system concerning 
the 1 st operation gestalt. 

[Drawing 2] It is drawing of longitudinal section of the reduction gearbox in this operation gestalt. 
[Drawing 3] It is drawing of longitudinal section of the reduction gearbox in the 2nd operation gestalt. 
[Drawing 4] It is drawing of longitudinal section of the reduction gearbox in the 3rd operation gestalt. 
[Drawing 5] It is drawing of longitudinal section of the reduction gearbox in the 4th operation gestalt. 
[Drawing 6] It is the important section enlarged vertical longitudinal sectional view of the reduction gearbox in 
the 5th operation gestalt. 
[Description of Notations] 



11 .... 


Reduction gearbox 


35 .... 


Electric motor 


37 .... 


Worm 


39 .... 


Worm gear 


51 .... 


Shaft 


53 .... 


Female serration 


55 .... 


Worm shaft 


57 .... 


Male serration 


59 .... 


The 1 st bearing 


61 .... 


The 1st shaft 


63 .... 


The 2nd bearing 


65 .... 


The 2nd shaft 


71 .... 


Compression coil spring 


73 75 


i .... Flange 


81 .... 


Male serration 


83 .... 


Female serration 


85 .... 


The 1 st flange 


89 .... 


Rubber damper 


97 .... 


The 2nd flange 


105 .. 


.. Female serration 


107 .. 


.. Male serration 



1 1 1,1 13 .... Permanent magnet 
1 1 5 .... Magnetic repulsion device 
121,123 .... Disk spring 
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tltcVx-AZs + y bt. 
{ft, 

im^m 2 3 uiaff^is^iaiam ns+y bt mmm 

t»#S 6 ] ttfaH«*»*sErKS t-Ai H?fB^ * - 

[000 1] 

[0002] 
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[0 00 3] tCC. Ctl&OIMtflHfel-SfaO&ts 
3£& (Electric Power Steering, WTEPSifBT) 

[0 0 0 4] EPS«. mtt^-^O^SgPfiCCjCoT 

37A7^ hs^f-*>r^x bmmcfrmzti. 

^ft^t>^Ut7^ h^tfbn-So n^A7 

h^EP s^cte, ^f7'j>y37A(?)-WS 
***** ^xfccfcojftsK;**^ c©«a***7^^ 

[0005] 

tt*«ffij«:*£. »fc. ->*-Ai->*-A* 

40 [000 6] fCt, ^gg^l 0 -2 8 1 2 35^M 

9cc« % ^*-A^^^^>^«:ttfift^^rfilCc^t&pJffi 

IB8E5feStg(DJ:0«:. -A©ftffi*«5 *-A*-<- 
50 ib0>tlStcJVL^2«Kfi«tXofc«^. W*-&^effi 
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HirttO ^ffiBc setter**), tm h ;u ^*J^«c 

[0 00 7]fCt, 11-43 
0 6 2^£fR^#^¥ 1 1 - 1 7 1 0 2 7§^«Cfe 

0, S*-A<D«ffi£^*-A*^-;U<Dttffi£;^^ 

*D3*-A*jf»c3tt4«fc£fc % ^t-AiiSi© 

4- - >f -JlfDili ^ffi^U/c^iC V * - A£fft 
^te#»3i±tt#6JWB*frl». ^-AcogfilfcK 
<fc t) fWF&*J: 9 iSM 3 it & <D*H& U fc. 
[0 008] iC5*i. COJ^GC^-A^:? h 

^aE^ttscc^* n *ti«:893Er & c <t # 

[000 9] ±IBtt«fciB#&3ftfc*>© 
[0010] 40 

^itm^^r^b r * f - 7 'J > y ^ * 7 h icfiii u raws 
K0«Bfi«:3£f#3ftfc'>*-AS'+:7 ht % t<D<5* 

tl/cO^-A^^-Jl'i^iiA. HMa^-AS/*? h 50 
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LT, Sifter 1 ffc»c^3 tifc* 1 > 

[00 11] *&, M*S2©*Wr«, »*bio« 

[ 0 0 1 2 3 If *S3o^r«, 1 <o% 
fesui hif/iem2->+7 ©raters n/c 

©msb^^-x-rry >#S£Btc*5(,>r, awes*-* 
mm\&tc9mtz>tmt. ^m^*-a<d^s^*- 

[00 1 4] M«a5©»wtii, f»5jag4<D« 
iB , >^-AcbSafa^*-A>'^y h<bcDr^ic^$n/c 

[0015] *te, MsKaeOftK-Ca. tf*ii4CDII 
[0016] 

[ooi7] ^m$mm<o*TT ^)>^st^vsmmL 
7*«w8-r***, «»6CJ5c*fc«>*cD»iaiB«iB-r*. 

S*, fff 1 3T7nLfcgP*tB, T-^/O^A7i?gui 

[0018] 7^^7A7}L(i77^7-7 , J>^> 
1 1 JC«T»5 h->^^ h 1 Ttfimh&W*C% 
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TO hzf? + 7 h 1 7 <DMi%MZ3*^-V-)l> 

[0019] WfeX^tfyZX 1 U2 V afiK^O-X 
1 3ifi±i$ttcmm2titc**tfy?z$:ft3 It, UT 
7~r>ry h9imc^^X*{*3 1 (C3jOl< h»#> 

Dtttt6*l£f6, ^*-A3 7*">*-A*^-;U3 9 
[ 0 0 2 0 ] a 2 «SB*4 r +'# ^ ^^o«f KffiHr* 

[0 02 1 ] ^*-A->i*:7 F5 S^fflJ (mjft*: 

— ^ 3 5(grj) 0* INS (WmsNSt) 5 0«cjt»sn 
fcJt«W&R(Dai r>t^h6U. 5^fifJom 2 $A§ 

<8B*3E*S) 6 3 fc^S ft/dt*»MR©# 2 > + 
7h65i*>6&ot*i0, S2i/t7h6 50)|liS«C 

CD5t^^^U>^fiy9^6 9#9R3hr«>). CCD 

* y > 6 9 tc&m»ma>m&mfc z>t£m 30 

3 A M<fa 7 1 #BFr5e3ffi£§3 fifc«Mr4«ft3 nrc^ 
[0 02 2] B2*©|^7 3^1^t7 h6 lOS 
7 7 >^ 7 3 1 if 5 9 ©rt^cSg 1 1 c> ^>o £ 

CcS»L/ri»S. S<K ftf7 7t^Lfc8tttt*lH 

#3 l«CJB«3*ite8ll«a»7 9«c«RAUr^4. 40 
[0 02 3] »l^*:7h6 lfctt. ^(D^*-A3 

T^ftwisifflftaaEccwK-rsi^c. 77^73© 

[0 02 4] •J*-A3 7«:tt. -^(DS^ffil^m 1 7 7 

i->t7h6i®77>^73 tcom(c^mmBm(om 

>^-8 9tt % ^«E=fA*3R»frsy>^-*#9 1 50 



^132 0 0 3-7 2 5 6 5 
6 

^t9 3, 9 5^640^4. ^*-A37 
KW, *©jiHB««:»277>^9 7 3ft^«3*iT*j 
0, C<0»277>S/97t»2^t7 h6 5<D77y 
is! 5£©Bfltefc:JA#>^-8 Q^^tSnr^i. 
[0 0 2 5 ] KT. ft 1 3IWg«©f¥ffl*a^4. BK 

17. o7Xf7»;>^>t7h2 3*Mt, -eco@ 
r u >y^>rt(c«, fflEA**eBaft«caaft-r-5 7 

P«^ur4E|ftcDttA3^ttLrtnK^fffoti«. coo 
3 5*«jEjl!C^ti^©*|njOC9f3e©|pWSh 

7-?h7 , ^^t7M7{c£iSh, cftct^o&fiS 

[0026] sr. samcD^tf *ccate*3&s»K*ifii 
*R«3*fc?K ggmfr h (omm&At) l terns, 

-A*-f — ;l/3 9#J5ffcU -?*-A*-/— jl,3 9 0i 
|B»^9 ^^^^A<D^CtiS«rl/A:^=t---A3 7© 

37t»)*-A$/t7h55 <miU + 7 hS IteJctf 
»2^^^h6 5 L ) £<DRfKC— >(t(Da A#>^-8 9# 
^g?tltl^p, ")t-A3 7cDttM*^*-A^ 
- ;U 3 9 L /cSffl C€*>*-A37##> 

9 i*»tt^»3i*&3W63f^a»^rn)Cc»» 
u ctiec<t»)H# (It*) ****i«:»»isti«a)r* 

60 ^*-A3 7H Sl'>t7h61 (DV^ZsV 

[0027]-^ ***»fflr«. ^*-A>*:7h 
5 5<Dfgl + 7 b 6 1 tn2is + 7 h6 5 <btJ, 
V > ^«^6 9tCJRfflSn/cffffi3 JMZtol 1 (Dtt 

^ k ^l^^^ h6 l 3*?>t/TSfr i«s 

5 9©rttt*BrffiOffH*rllijWCc«»T*— 9 
2^>^^ h 6 5 fe^5>^7 5^Url^2lAS:6 3(0 

^ *lf*S5 9*5cJ:aW2WS6 3«, 9r}C07E« 
[0 02 8 ] H3tt. *2IBtt»J»Ccff4«a[=?+# 9 

jg»©±f*«jiE*i±»iyfc* i mm&mtmmmx-$>z> 



h 6 1 #Jtl»WfiR{C««3n-5— ^ % m2 ^>t7f-6 
5*stt#5WSRCCJBiflc3n, IS 1 W 7 h 6 1 CDlfcKCC 
m&ZtitcJ&tfftl 0 lfc»2^*:7 h6 5 4>£«ASK 
*LT, E£Sn>OUtfte7 1 312 + 
7 h 6 5<0«ia»C»R3tite^^ij >y«J** 1 0 3 
KuRfflStlT^S. £/c, mi > + 7 h 6 105fc$P»t 

>1 05*C3*-A3 7 0»g«C»J3ES*l/cat-feU— > 

C 0 0 2 9 ] H4l^3XIBBlB<Cfl(5|(Qi^^9 * 

f#^X«Ht*5. Cft6<DBfc7SLfc<fc5 
fc. 3, ^4$»io)^ftMi±au/cS 1 , 0 

2Mimmtmmmx'$>z&. mm^&tLx, mi, 

111.1 13*6tt«tttt5MMftl isimmsti 
rt^5o -Tft*)*, 0*-A3 7CD«»tc«»l , »2 
^7^8 5, 9 7fcS«TSfrfc%T7*ajfc5 1 1 1 20 
#W&-ll#2ft, 01^t7F61©77>^73<!: 
^2^>t7 hB b(Dy^>i^7 5 <bCC« 7 7cX®ES 1 1 3 

[0 03 0 ] M/TtrXfflffi 111. 1 1 3 lA^rfSjCcS 

S) 5 CCffifcfiT 6 ftTl>£. CtitCcfc 

9 . mtkXmE 111. 113 lffl«:tt8B6ffiS»*3&^e 
3ft, ^*-A37^Sr>t7h61<bf2Vt7h 

6 5 <b©B8ccfitf#3ft&. *mifi^««:*5c»rtt, 

J^B^c?*-A*^-;U3 9i^*-A37 t&ffi 30 
^L/T-5*-A3 7^|fc&|pl6Cj»ttT-5i. — *CDSBttt 
fzMWM 1 1 5(Dp7X^«Hl 11. 113i'5 L/^S 

ifi**i*«a«-rs. ;xAsssi ii. 113 

Will, 113 5 L©«^*H»*St>t*e»T 

i o o 3 1 ] a 6 \tm 5 m)fe&miic&zffiMifi?# ? >? 40 
airj ^MMafcratr* — *f©m«fe 121. 1 2 3 # 

l£/B3ftT(,>£ 0 ffl«fal 2 1. 12 3(t H— S*» 

ft*. ^^y>^g^f ivt7 h6 1^ 

[0 032 1 H±r A<tt9l8*»«a>«i!B*»iL 50 
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ft^gibt, J£5^0^<Dmtffc£ffll 

^3EttS^7^-^n-^«SI?*ffl^rfeJ:l^ gee, 
[0 03 3] 

^ * - a ssii^^ u t ^ 7-t >j > y 1 7 hccea 

g^ot, COW*-*®*- $3/ 

»2«s«:iHHEaaEK:3a*3nyfc^ 3 f-A^ + ^ h<b, 

Kiif83ftfc**-A#^-ji,<fc*«;i, flJfB^-A 

fc»i^t7hi. fria»2ws«:3a#3n/c»2^t 
\wmmmtwm\ 

[03] »23l^«{c*W4^4 r +#^^^C*af 

[04] m3mti^m$c*>irtz>wiM=¥*#v zxvwm 

[05 ] «4XW»Ml€c«s»««ai4 r iriK9 t^coum 
[0 6 ] »5^J6JBffi«:4s^S«ji*>#9 



(6) &|8 2003-72565 

9 10 





* 6 5 ••• 


m2^+7 h 




7 1 ••• 




1 1 -M*t#y^ 


73. 1 






8 1 — 






8 3 • • 




3 9 ••••'}*-A*^-;l/ 


85 ••• 




5 t ^-^^/^^ f~ 


89-- 




5 3 I/-*/ a > 


9 7 


•»2^^>> ? 


5 5 • -^-A^*:? f 


105- 




5 7 tt-feU— >a> 


10 10 7- 


— H^U— >3> 




111. 


1 1 


6 1 --»»12/ + 7 h 


115- 






* 12 1, 


i 2 3 — im«fe 



m i 3 




[03] 



(8) 



Wffi 2003-72565 



[04] 




[H5] 




(9) 



2003-72565 



£5 




F£-AC#3£) 3D033 CA04 

3J009 EA06 EA19 EA23 EA32 EB20 

EC06 EC07 FA04 F/U.4 
33033 AA01 BA04 BA05 BA08 BB04 

BC10 

5H607 AA04 BB01 CC01 CC03 DDL7 
EE32 EE36 EE52 



( 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
3'fADED TEXT OR DRAWING 



I^J LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LURRED OR ILLEGIBLE TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 



□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 




□ GRAY SCALE DOCUMENTS 



